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AZTAL-FIOW FAN AlD COMPRESSUN BiAEE DESTCN DATA
AT 52.5° STAGGER AND FURTHER VERIFICATTON

OF CASCADE DATA BY ROTOR TESTS

By Seymour M. BogdonotrT and Tugene E. Hess
SUMMARY

Previous tests of blower-blede sections have been extended by a
series of tests at 52.5° slagger. The results of these tests have _
been combined with the earlisr test results spnd are presented in new
blade deslin charte which supersede thoss previously presented. An
investigation in a “est blower over a renge of stagger from 44O
to 65° has shown that for blades at & solldity of 1.0, the two-
dimensional cascade data predict the turning angle to within 1/2°.

TN TRODUCTION .~

The two-dimenslonal cascade investigation of reference 1 covered
a serlies of teste of blower-blade sections at staggers of h5° end. 60°
end solidities of 1.0 and 1.5. In an attempt to increase the N
accuracy of the design charits of reference 1 and to obtain a measurs -
ment of their precision, additional cascade tesis were conducted
at 52.5° stagger on the W ea 65-410, 65-810, and 65-(12)10 blower-blade
gsctions at sollidities of 1.0 and 1 5 and tests were made in & test
blower to obtain performsnce data in an actual rotating setup. Somse

of the performance data obtained from these rotor tests are reported
in reference 2. Information on performance of blede sections over a
range of stagger esngle 1s vresented hereln and the results are com-
pared with predictions from stationary-cascade “testa.

The cascade tumnel, test blower, and techniques end procedures
used in this investigation were the same as those described in
roferences 1 and 2. Data on the rotating blades, however, will Dbe
presented only for the pitch section (where the flow ls essentially
two~dimensional and the solidity eguals 1.0). All symbels used are
the game ag those in references 1 and 2. -
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PRESENTATICN OF PATA AND DISCUSSION

Staticnary two-dimensionel cascade.- The pressure distributlions
over tho conter blade of each of the cascadss of JNaca €5-I10, 65-810,
and. 65-(12)10 blowsr bledes at a stagger of 52.5° and solidities
of 1.0 and 1.5 are presented in figures 1 to 6. The design point,
the angle of attack at which an cssentially flat pressurs distributlan
was obtained, is indicated on each figure. The results of the
turning-engle investigatlons of the three blades are presented In
figures 7 and 8.

Reference 1 presents the following simple equation for the
prediction of turning angles in the range tested:

6=k(cz-cc7')
. o]

where

8 turning angle . -
o engle between entering alr and chord line

or.zo engle of zero lift of lmolated alrfoll

k empirical constant determined from cescads tests

The value of k for 52.5° stagger is included with the previocns
results of refersnce 1 in the following table:

{
Stagger
(30g) Solidity k
h-s l-O 0.90
45 1.5 1.00
B2.5 1.0 &5
5245 1.5 95
60 1.0 75
60 1.5 «90

These emplrical constants end the spproximate zerc 1Ift angle
(calculated as in reference 1) can be used to predict turning amgles
in the renge of the investigation to within approximately 1°.
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The resul’cs of the rotor tests, presented in the sectlion
entitled "Test-blower resuits, seemed to sghow that the original
data ob'Lained for the NACA 65 (12)10 blower blaede at a stagger
of 60° and a solidity of 1.0 were not valid. A retest of this
blade showed an increase in tuming angle of epproximately 2° and
these data are presented In figure 9 with the results for the other
blade sectlons frow reference 1. The pressure distributions over
the center blade of the cascade of NACA 65~(12)10 sections are
presented in figure 10.

The very high loadings of the NACA 65-(12)10 blade (the
highest of any tested in cascade) appear to present a limlt beyond
vwhich the cascade~tunnel data are questionable. Very slight changes
in twmnel adjustwent may stall the tunnel walls, which serlously
chenges the blade performsnce. For this reason, the data for the
NACA 65~(18)10 blade at this condition (60° stagger and solidity
of 1.0) have been eliminated and figure 9 now supersedes figure T
of referénce l.

Curves from reference 1 which are of interest In compressor
design are repeated iIn figures 1l to 13 with the 52.5° stagger
condition included. Figures 1h(a) and 14(b) present the new blade
design charts which include the data of reference 1. These chartis
supersede Pigures Ll(a) and 41(b) of reference 1 and with the new
and corrected date give more precise blade design Information. IFf
the design turning angle and entrence conditions are known, the
blade camber and angle of attack cen he found from these charis.

A horizontal line may be drawn from the value of turning angle
deslred on the angle scale to Intersect the bturning-angle curves.

A horizontal interpolation for stagger may be made along this line
and from this point a verticel line may be drewn. The intersectlon
of this line with ths horlzontal scale glves the design camber of
the blades, end the intersection wlth the angle-of-atteck curves,
with a vertical interpolation for stagger, gives the angle of
attack read on the angle scale. The procedure may be rsversed Lo
obtain the design turning engle If camber and design angle of attack
are known. In order to obtain design date at solidlties other

then 1.0 and 1.5, the procedure is carried out at solidities

of 1.0 end 1.5 end the final result obitalined by Interpolation.

Test-blower results.- The resulis of tests of four sets of
bledes in a single-stage test blower are presented in reference 2.
One of the blades tested had an NACA 65-710 blowsr-blads section
end & second blade had an NACA 65~(11)10 mection at thelr respective
pitch sections. (Blades designated as & = O.t and & = 0.6 in
reference 2.)
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In addition to the previous tests, the 8 = 0.6 blade was
tested at two other angle settings which effectively gave design
points at different staggers. The results of turning angle plotted
against stagger, at 2° increments in engle of attack, are presented
in figures 15 and 16. 'fhe test -points are in very good agreement
with the so0lid lines predictsd from cagcade tests. The deviatlon
from predicted values 1ls less -then 1,"2°.f01' most cases and shows
the accuracy of the casceds results fram staggers of 44° to 65°.

For ceses in vhich the axial veloclty changes through the blade,
in refsrence 1 a modified vector dlagram based on the averago axial
velocity was used for the blades design. Tosts of two blades whilch
wore desligned for just such copdltlons werec mads In the Langley
propeller research tunnel. These tests show that for chenges in
axial velocity of the magnitude studied (30 percent of the entrance
velocity), the cascade deta coulld be applied wlth good accuracy.

CHCLUDING REMARKS

Previous tesis of blower-blade sectiong have been extended by a
serles of tests at 52.5° stagger. The resulits are summarized in new
blade deslgn charts which supersede those of NACA ACR No. L5SFOTa.

Cross plots of data obtained from a test blowor show thet, over a
range of stagger from 44° to 65°, turning engles predicted from
cascade tests are wilthin 1/2° of those obtained from tests with a
rotating setup.

Lengley Memorial Aeronsuntical Iaboratory
Wational Advisory Camittee for Aeronauntics
Tangley Fleld, Ve., May 29, 1946
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Fig. 2 o _ _ NACA TN No. 1271
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